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ACUTE TOXICITY OF QUA IBOE LIGHT CRUDE OIL ON A FRESH 
WATER FISH, Oreochromis niloticus 
 
                UDEME U. UDOFIA 




 The process of Crude oil exploration and exploitation is known to result in wide ranging negative 
environmental impacts, despite its huge benefits. Oil spillage, in particular, has been implicated in the pollution of 
aquatic and terrestrial environments resulting in severe harm and damage to organisms inhabiting them. The degree 
of pollution is measured by the damage potential or toxicity of the crude oil. The knowledge of toxicity of a particular 
blend of crude oil facilitates proper management of its spillages as has been widely reported in the Nigeria aquatic 
ecosystem. 
Acute toxicity of Qua Iboe Light Crude Oil against a fresh water fish, Oreochromis niloticus was determined in 
laboratory bioassay. 
Toxicity measurement based on 72hrs LC50 and 96hrs LC50 showed an average toxicity of 1.25ml/l. Specifically, 96hrs 
LC50 value was shown to be 1.069ml/l while 72hrs LC50 value was 1.432ml/l. 
The relevance of acute toxicity studies against sensitive aquatic organisms in the management of oil pollution events 
in the Niger Delta region of Nigeria is discussed in the paper. 
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INTRODUCTION 
 Crude oil is an extremely complex mixture of 
hydrocarbon, small amounts of sulphur, oxygen, 
nitrogen compounds and trace amount of inorganic and 
organometallic compounds like those of Vanadium, 
Nickel, Arsenic and Lead. Typical chemical composition 
of crude oil consists of carbon (84-87%), hydrogen 
(13%), sulphur (3%), nitrogen (1%), oxygen (2%), water 
(1%), heavy metals (0.1%) (DPR,1991). Basically, crude 
oil contains general classes of hydrocarbons: paraffin 
(straight chain saturated hydrocarbons), napthalenes 
(branched or simple ring hydrocarbons) and aromatic 
hydrocarbons. Since the turn of this century, crude oil 
has been the major source of energy superceeding 
other sources, such as coal, nuclear, hydro and solar 
sources of energy. Currently, oil contributes more than 
80% of Nigerian’s foreign exchange, employs a 
significant percentage of the nation’s workforce and 
stimulates economic and socio-economic development 
in other sectors of the economy. (Inyang,1995). Despite 
the huge benefits, it is well established that all aspects 
of the petroleum industry are prone to accidental 
spillages of crude oil and the refined products apart from 
the deliberate emission of the refinery effluent. The entry 
of large quantities of oil through accidental spillages into 
the aquatic and terrestrial environments, has created 
some negative environmental problems which are 
considered as pollution. Statistics show that between 
1970 and 1982, Nigeria recorded 1,581 incident of oil 
spillage which caused considerable ecological and 
physical damage to environmental resources; lands, 
soil, water, air, and vegetation especially in the fragile 
ecosystem of the Niger Delta (NEST, 1992). Notable 
among the pollution was the Funiwa No 5 oil well blow 
out in 1980 that resulted in the release of more than 
140,000 barrels of oil in the mangrove environment. The 
Oyakama oil spillage occurred in 1980 and about 30,000 
barrels of crude oil were spilled into seasonal swamp 
environment. Others include: Bodo West field spill 
(1980), Oshika oil spill incident of 1983 (10,000 barrels), 
Forcados terminal oil spillage (1979) 570,000 barrels. 
Kontagora (1991) reported that between 1976 and 1990, 
a total quantity of 21,105,393 barrels of oil spilled into 
the Nigerian terrestrial, coastal and marine environment. 
Currently, almost on a daily basis, the problem of 
contamination from oil activities is highlighted by the 
host communities, NGOs and the press. The causes of 
spills are many including equipment failure, human 
errors, freak accident, inclement weather to unreliable 
hardware. Recorded causes of spills in the petroleum 
industry in Nigeria between 1976 and 1986 according to 
Ifeadi and Nwankwo (1987) include: well blowout, 
sabotage, corrosion of equipment malfunctioning, 
operations and maintenance error, natural causes (rain, 
flood) and unknown. Biological studies of the impact of 
petroleum industry on the Nigerian environment has 
been chronicled in the literature by Ekekwe, (1981), 
Imevbore (1981), Adeniyi (1983), Izeougu (1986), Alo 
(1992) and Igwe (1993) etc. The biological impact of oil 
spill depends on the type and amount of oil spilled and 
the amount of change the oil has undergone while in or 
on sea (Boesch et al, 1974). Oyewo (1992) identifies the 
type of environment, prevailing meteorological and 
oceanographic conditions, seasonal and tide induced 
changes in salinity, temperature, pH as other factors 
conditioning the effect of spillage. The toxicity of oil is 
generally a function of chemical composition. The higher 
the number of carbon atoms in a molecule, the higher its 
boiling point and the less volatile it is. Boesch, et al 
(1974) reported that low boiling alkanes produce 
anesthesia and narcosis at low concentrations and at 
high concentrations can cause cell damage and death 
among a wide variety of lower invertebrate while higher 
boiling alkanes may mildly affect chemical 
communication and interfere with metabolic processes. 
Low boiling aromatic compounds are thought to be the 
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most toxic compounds found in virtually all oils. They are 
quite soluble in water and can be even toxic at low 
dilutions while higher boiling aromatics (especially multi-
ring compounds) are long term poisons and some are 
known carcinogens (Boesch at al, 1974). Heavy fuel oils 
generally do more mechanical damage to inter-tidal life 
by smothering or physically removing organisms. The 
differences in the physical and chemical properties of 
fuel oils have been used to explain the disparity in 
observed effects of oil spills. Several articles describing 
the acute toxicity of crude oils against marine animals 
abound in literature, with fewer reports on oil pollution 
effects on freshwater fish (Idoniboye, 1985). Imevbore et 
al (1985) determined the toxicity of seven Nigerian crude 
oils against brackish and freshwater organisms to 
identify the sensitive and tolerant species. 
In a related work with three Nigerian crude oils; 
Forcados Blend (FB), Bonny Light (BL) and Bonny 
Medium (BM) against freshwater and brackish water 
shrimps, Forcados Blend was found to be most toxic to 
fresh water shrimps at concentrations as low as 
2.75µg/l. for brackish water shrimps, Bonny Medium 
(BM) was shown to be more toxic than Forcados Blend 
as acute toxicity could occur at a concentration of 
4.17µg/l. 
There is need to study the effect of more blends of crude 
oil on many more aquatic species to assist in managing 
spillages which has been widely reported in the Nigerian 
aquatic ecosystem. 
The water bodies in the Niger Delta region are inhabited 
by a wide range of flora and fauna of economic 
importance such as Clarias gariepinus, Tympanotonus 
fuscatus (Periwinkle), shrimps, crabs and especially 
tilapia species. Tilapia is a robust fish, small in individual 
sizes and abundant in number. Their abundance in 
number is as a result of the fact that they breathe 
rapidly: spurn 5 times yearly and there is usually a high 
degree of parental care (Nielson (1976), Udofia(1986)). 
Oreochromis niloticus  is micro and macro herbivorous 
feeding on algae, phytoplankton and detritus (Ezenwa, 
1979). 
They are probably the most abundant teleost fish in the 
River Nile and its tributaries and are the fish of 
preference in terms of human consumption (Ibrahim and 
Babiker, 1979). Tilapia species has been used for 
various research works as biological indicators. This 
work is aimed at evaluating the acute toxicity of Qua 
Iboe Light Crude Oil on Oreochromis niloticus. The 
knowledge acquired will be useful in the management of 
the various spill incidents in Qua Iboe Terminal and its 
environs. 
 
MATERIALS AND METHODS 
 
MATERIALS 
 Oreochromis niloticus fingerlings (live weight 
0.4±0.4g and mean length 1.0±0.8cm) were obtained 
from Niovas Fish Farm in Ojo Local Government Area of 
Lagos where they had been held in pond cultures for 
several generations. The fingerlings were obtained with 
the aid of dragnets in the early hours of the Morning to 
avoid heat stress and transported to the laboratory in the 
Department of Zoology, University of Lagos, in 
Polythene bags containing aerated pond water. 
 Fingerlings were in two glass holding tanks (30 
x 40x70)cm for at least 12 days in order to allow them 





c, relative humidity 77% ± 4%). 
Fish were held in tanks three quarters filled with 
dechlorinated tap water which was continuously aerated 
with air pumps (whispers-100). 
During acclimatization, fingerlings were fed on prepared 
fish feeds, changing the water in the holding tanks once 
every 2 days to avoid accumulation of toxic waste 
metabolites and food. Tap water was dechlorinated by 
aerating and allowing to stand for 24 hours before use. 
This was done to avoid stress caused by chlorine in tap 
water. 
Qua Iboe Light crude oil was obtained from Mobil 
Producing Unlimited, Qua Iboe Terminal, Eket in Akwa 
Ibom State in tightly covered jerry can. The oil sample 
was stored in a cool place to avoid loss of volatile 
compound and used at appropriate time. 
 
GENERAL BIOASSAY PROCEDURES 
 Plastics bowels (10 litres in volume, bottom 
diameter 20.5cm) served as bioassay containers. 
Preliminary trials in which different numbers of test 
animals were held in varying volumes of dechlorinated 
tap water showed that 10 test fingerlings survived 
comfortably without aeration, in 2 litres of water for over 
6 days. Therefore test media were always made up to 2 
litres holding 10 fingerlings in bioassay containers. 
Predetermined amount of the oil sample was pipetted 
out into the bioassay container and made up to 2l by 
adding tap water to achieve a desired concentration of 
oil in water medium. The test medium was stirred 
thoroughly for 10mins with a glass rod to ensure mixing. 
Fingerlings of similar age and size (~1.0 ± 0.8cm) were 
selected out into a holding tank from where they were 
randomly assigned to bioassay containers with a hand 
net. 
 A total of 10 active fingerlings were exposed in 
each bioassay container to treated and untreated test 
media. Each treatment including control was replicated 
twice meaning 20 fingerlings were exposed per 
concentration and control. The fingerlings were exposed 
to several concentration of Qua Iboe Light crude oil in 
dechlorinated tap water (pH 7.0 ± 0.02) as follows: 0.1, 
0.5, 5.0, 8.0, 10ml/l and untreated concentration. Fish 
that did not show any fin, opercular and/or body 
movement even when probed with glass rod were taken 
as dead. Mortality assessment was made every twenty 
four hours over 4 or more days specified under each 
bioassay. 
Dose-mortality data were analyzed by probit 
analysis after Finney (1971). The analysis, including 
equation for probit lines was achieved via IBM computer 
run Programme designed by Ge Le Pattouel Imperial 
College, London. 
Toxicity indices used in evaluation of toxicity 
level/susceptibility include:  
LC50 – median lethal concentration that will bring about 
50% mortality of the exposed population. 
       
LC95 – the concentration that will bring about 95% 
mortality of the exposed population.  
     
LT50 – the time at which 50% mortality of the exposed 
population occurred and their 95% confidence intervals. 
 
 




 The percentage mortality for 0.01, 0.05, 5.00, 
8.00 and 10.00ml/l concentrations of the Qua Iboe light 
crude oil on the Oreochromis niloticus fingerlings were 
10, 20, 60, 90 and 100% respectively after 72 hrs 
exposure. But after 96hrs of exposure, the 0.10, 0.50, 
5.00, and 8.00ml/l concentrations elicited 10, 20, 80 and 
100% mortality response respectively. Tables 1 and 2. 
 
TABLE 1: 
Dose (ml/l) 72hrs Log Dose Number tested Number Responding % Mortality (y) Probit Value 
0.01 -1.00 10 1 10 3.72 
0.05 -0.30 10 2 20 4.16 
5.00 0.70 10 6 60 5.25 
8.00 0.90 10 9 90 6.28 
10.00 1.00 10 10 100 8.09 





Dose (ml/l) 96hrs Log Dose Number tested Number Responding % Mortality (y) Probit Value 
0.10 -1.00 10 1 10 3.72 
0.50 -0.30 10 2 20 4.16 
5.00 0.70 10 8 80 5.84 
8.00 0.90 10 10 100 8.09 
Mortality of Oreochromis niloticus treated with Qua Iboe Light crude oil (96hrsLC50) 
 
 On the basis of computed LC50 values, the toxicity of the Qua Iboe Light crude oil after 72 hrs of exposure to 
the fish fingerlings was 1.432ml/l within the confidence limit of 95% while it was 1.069ml/l after 96hr exposure. These 
are shown in Table 3 and graphically illustrated in figures 1 – 4. 
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 S.E - Standard Error 
 D.F - Degrees of Freedom         
 T.F - Toxicity Factor with treatment 
   24hr LC50 Values 
   24hr, 48hr, 72hr, 96hr LC 
 CL - Confidence Limit. 
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FIG 2: Acute Toxicity of Qua Iboe Light crude oil against Oreochromis niloticus (96hrsLC50) 
 
 
























































FIG 4: Graph of 96hrs LC50 Toxicity of Qua Iboe Light Crude Oil against Oreochromis niloticus fingerlings 
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DISCUSSION AND CONCLUSION 
 In this study, on the basis of computed 96hrs 
LC50 values, the toxicity of Qua Iboe Light Crude Oil was 
shown to be 1.069ml/l while the value for 72hrs LC50 
was 1.432ml/l. The result confirms the popularly held 
view that different blends of crude oil vary in their 
toxicities to different species of animals. Imevbore et 
al,(1985) showed that the 96hrs LC50 for Forcados 
Blend, Bonny Light and Bony Medium crude oils against 
Demoscaris trisinosa  was 2.79, 16.22, and 38.02 ug/l 
respectively. Also, Tokolo (1988) showed highly 
significant differences in toxicity between Bonny Light, 
Bonny Medium and Lagomma crude oils when tested 
against Tympanosoma fuscastus. 
The observed differential toxicities are mostly 
attributable to differences in the physical and chemical 
characteristics of the oil. 
 The practical implications of this finding is that 
the different blends of crude oil entering the Nigerian 
aquatic ecosystem are inflicting different levels of 
damage to the sensitive organisms inhabiting them. It is 
therefore imperative to ascertain the damage potential of 
these blends of crude oil against as many organisms as 
are possible to be able to set a minimal permissible limit. 
This knowledge will certainly facilitate the protection and 
management of our rich and sensitive aquatic resources 
against the perpetual entry of spilled crude oils into our 
ecosystem. 
The difference in toxicity with the time of exposure is 
negligible and could be attributable to the behavioural 




Adeniyi E. O., 1983. Seminar Recommendations: 
 Proceedings of an International Seminar. Port 
 Harcourt. Pp 296 – 97. 
 
Afolabi, O. A, Imevbore. M. A., 1985. Determination and 
 Ranking of the toxicity of some Nigerian Crude 
 Oils to some aquatic Organisms In: Proceedings 
 of 1985 International Seminar on the Petroleum 
 Industry and the Nigerian environment. (NNPC) 
 269p. 
 
Alderdice, D. F., Brett, J. R. and Sutherland, D. B., 
1966.. Design of small Holding tank for fish. J. Fish Res.   
 BD. Can 23 : 1447-1450. 
 
Alo, B., 1992. Guidelines and Specifications for 
 Environmental Pollution Control and Abatement 
 in the Nigerian Oil Industry. Africa Petroleum 
 Monitor. Sept. pp 34 – 37. 
 
Anderson, J. W., Neff, J. M, Cox, B. A., Tatem, H. E. 
and Hightower, G. M., 1974. Characteristics of 
 dispersions and water soluble extracts of crude 
 and refined oils and their toxicity to Estuarine, 





Anderson, R. D. and Anderson, J. W. 1976. Effects of 
 salinity and selected hydrocarbons on the 
 osmotic and chloride regulation of the American 
 Oyster, Crustacean  Virigica.zool. 48: 420–429. 
 
Anon, 1975. Methods for crude toxicity test with fish, 
 macroinvertebrates and amphibians. US 
 Environment Protection Agency. Ecol. Res. 
 Serv.  660: 3 – 75 – 009. 
 
Atlas, R. M. and Bartha, R., 1973. Fate and Effects of 
 polluting petroleum in marine environment.   
 Residual Reviews  49:   49 – 85. 
 
Avolizi, R. J. and Nuwayhid, M., 1974. Effects of Crude 
 Oil and dispersants on bivalves. Mar. Poll. 
 Bulletin. 5: 149 – 153. 
 
Awobajo, A O., 1981. An analysis of oil spill incidents in 
 Nigeria: 1976 – 1980. Proceedings of an 
 International Seminar. Warri. Pp 57 – 63. 
 
Baker, J. M., 1971a. comparative toxicities of oils, oil 
 fractions and emulsifiers In: the ecological 
 effects of oil pollution  on littoral communities. 
 (Ed. E. B. Cowell). Inst. Pet. London. Applied 
 science Pet. Publishers Ltd., Barking, Essex. Pp 
 78 -  87. 
 
Baker, J. M. and Crapp, C. G., 1974. Toxicity tests for 
 predicting the ecological effects of oil and 
 emulsifiers pollution on littoral communities In: 
 ecological aspects of toxicity testing of oils and 
 dispoersants. (Eds.: L. R. Beyond and E. B. 
 Cowell). Int: Pet London. Applied science Pet. 
 Publishers Ltd., Barking, Essex. Pp 105 – 200. 
 
Balarin, J. D., 1979. Tilapia: A guide to their biology and 
 culture in Africa: university of Stirling. 174pp. 
 
Ball, I. R., 1976. The relative susceptibilities of some 
 species of fresh water fish to poison. Zinc Water 
 Research. 1: 777- 783. 
 
Beitinger, T. L. and HEUY, D. W., 1981.  Acute toxicity 
 of nitrite to cray fish Procamburus similarities in 
 varied environmental conditions. Environmental 
 Pollution [Series A] 26: 305 – 311. 
 
Blummer, M., 1971. Scientific aspects of the Oil Spill 
 problem Environmental Affairs 1: 56 – 73. 
  
Boesh, D. F., Hershner, C. H., Milgram, J. R., 1974. Oil 
 Spills and The Marine Environment. Ballinger 
 Publishing Company. Cambridge 
 Massachussets, 114pp. 
 
Concawe, 1976. The environmental impact of refinery 
 effluent. Prepared by Concawe’s Water 




   300                           UDEME U. UDOFIA 
 
 
Craig, C. R. and Baski, W. F., 1975. The effects of 
 depresses pH on the flag fish reproduction, 
 growth and survival. Water Research II: 621 – 
 622. 
Cowell, E. B., Baker J. M., Crapp, G. B., 1972. The 
 Biological effects of oil pollution and oil cleaning 
 materials on littorial communities including salt 
 marshes In: Marine pollution and Sea Life (Ed: 
 M. Ruiro) FAO of UN and Fishing News (Books) 
 Ltd., London. Pp 359 – 364. 
 
Craddock, D. R., 1977. Acute Toxic effect of Petroleum 
 on Arctic and Subarctic marine organizations. 
 In: Effects of Petroleum on Arctic and Subarctic 
 Marine Environments and Organisms. (Ed: D. C. 
 Martins). Academic Press, Inc., New York 11: 1 
 – 93. 
Crapp, G. B., 1971. The biological consequences of 
 emulsifiers to some inshore Fauna. In: The 
 Ecological effects of oil Pollution on  Littorial 
 Communities. (J. D. Canthy and D. R. Arthur). 
 Supplement to Vol. 2 of Field Studies. Field 
 Studies Council, 9 Deverenk Court, Strand, 
 London. Pp94 – 105. 
 
Dillon, P. J. and Yan N. D., 1984. Acidic deposition: 
 Effects on aquatic ecosystems. CRC, Critical 
 Rev. Environmental Control 13: 167 – 194. 
 
Don Pedro, P. O., 1987. Differential responses of 
 perennial salt marsh plats to oil pollution Ph.D 
 Thesis, University of London, Imperial College 
 of Science and Technology. 139p. 
 
Eco-Development Consultancy Groups, 1987 
 Determination and Ranking of the Toxicity of the 
 Nigeria Crude oils to Aquatic Organisms. The 
 Development of petroleum and Resources 
 [NNPC]. 149pp  
 
Ekekwe, E., 1981. The Funiwa – 5 Oil Well Blowout. 
 Proceedings of an International Seminar. Warri 
 pp 64 – 68. 
 
Ellis, M. M., 1944. “Water quality standards for 
 Freshwater fishes”. Spec. Science Report US 
 FWS  2: 1- 15 
 
Ezenwa, B., 1979. Supplementary dies in fresh culture 
 and feed formation   technology in Nigeria. 
 Nigeria Institute for Oceanography and Marine 
 research Lagos. Nigeria. Occasional paper no. 
 30 21pp. 
 
Finey, D. J., 1971.  Probit Analysis 3
rd
 edition, 
 Cambridge University Press. 33pp  
 
Geder-Ottway, S. U., 1976. The Comparative Toxicities 
 of crude oils, refined oil  products and oil 
 emulation in: Marine Ecology and oil pollution (J. 
 M. Baker) Applied Science Publishers. Essex. 
 
 
Huet, M., 1962. Water quality criterion for fish life In: 
 Biological problems in water pollution. 
 Transaction of 3
rd
 seminar, published by public 
 Health service, U. S. (99EP 25), pp 160 – 162.  
 
Ibrahim, H. and Babiker, M. M., 1979. Studies on the 
 Biology of Reproduction in Cichlid Tilapia 
 Niloticus (L) Gonadal Maturation and fecundity. 
 Journal of Fish Biology 14: 437-448. 
 
Idoniboye,  B. E and Andy A. J., 1985. Effect of oil 
 pollution on Aquatic Environment In: Proceeding 
 of 1985 International Seminar on the petroleum 
 industry and the Nigeria Environment. PP. 311-
 315. 
 
Ifeadi, C.N. and J. N. Nwankwo Oil Spill Accidents in 
 Nigeria petroleum Industry. A. Critical Analysis 
 NAPECTOR.  8(4): 5 – 11. 
 
Igwe, N., 1993. Legal aspects of environmental 
 Protection. African Petroleum Monitor. 
 July/August pp 22 – 34. 
 
Imovbore, A. M. A., 1981. Seminar Recommendations: 
 Proceedings of an International Seminar. Warri, 
 pp 220 – 21. 
 
Imevbore, A. M. A., Adeyemi, S. A. and Afolabi, O. A., 
1986. “The Toxicity of Nigerian Crude Oils to Aquatic 
 Organisms” In: Proceedings of 1986 
 International Seminar on the petroleum Industry 
 and the Nigeria Environment. pp 171 - 176. 
 
Inyang, L. D., 1995. Protecting the Environment of the 
 Nigerian Oil and Gas Industry: The challenge of 
 the future in Topical Issues in the Nigerian Oil 
 and Gas Industry. Pp 127 – 135. 
 
Izeogu, C. V., 1986. Ecological Impact of the Oil Industry 
 on Urban Center in Rivers State in African 
 Urban Studies. East Landsing MSU. No 17. 
 
Jones, J. R. E., 1972. Fish In: River Pollution 2: Causes 
 and Effect; (Ed: L. Klein). London, Butterworths. 
 pp 254 – 310. 
 
Kotagora, M., 1991. Works and Housing Minster’s 
 address at: International Symposium on the 
 National Oil Spill Cotengency plan for Nigerai, 
 Ascon, Badagary. 18-21, February, 1991, p3 
 
Llyod, R., 1960. The Toxicity of Zine Sulphate to 
 Rainbow Trout. Ann Appl. Biol.  48: 84-94. 
 
Mason, C. F., 1991.Biology of Freshwater Pollution (2
nd
 
 edition). Longman Scientific and Technical U.K. 
 35pp. 
 
Nelson, K.S., 1975. Energy Metabloism in Animal 
 Physiology, Adaptation and Environment. 
 Cambridge University Press, London. pp 209 – 
 210. 
 
ACUTE TOXICITY OF QUA IBOE LIGTH CRUDE OIL ON A FRESH WATER FISH               301 
 
 
NEST, 1992. The challenge of Sustainable Development 
 in Nigeria.  T.A. Aina and A.T. Salau (Eds.) 
 248pp. 
 
NNPC, 1991. Research and Development Seminar 
 Proceedings 7th – 9th January, 1991. Pp 124 – 
 125. 
 
Nwankwo N and Ifeadi, C. N., 1988. Case studies of 
 Environmental Imapcts of Oil Production and 
 Marketing in Nigeria in Environmental Issue and 
 Management in Nigerian Development Edited 
 by P.O Sede and F.O Odemerho. Evans 
 Brothers (Nigerian Publishers Limited). 
 
Ogegbo, M. D., 1995. The Aluminum Smelter Project: 
 The Journey so far In: Ogegbo, M.D. (1995); 
 The Aluminum Smelter Project: The Journey so 
 far In: Annual Conference of the Nigeria  
 Metallurgical Society Holding at Delta Steel 
 Company, Aladja. 16pp. 
 
Oteri, A.U., 1981. A study of effects of oil spill on ground 
 water In: the Petroleum Industry and the 
 Nigerian Environment: Proceedings of an 




Oyewoye, E.O., 1992. Impact of Toxic Waste Dumping 
 and Oil Spilling on marine Resources 
 Development. Paper presented at the National 
 Conference on Sustainable Development of the 
 Oceans. University of Ibadan. 10-12. March. 
 (p14). 
 
Randolph, E.J., Payne, J.R., 1980. Fate and weathering 
 of Petroleum Spills in the Marine Environment. 
 Ann arbor Science Publishers Inc. 174 pp. 
 
Tokolo, C. A., 1988. Studies on some Nigerian Crude 
 Oils against Tympanotisnus fuscatus var radula 
 (L) under different salinity regimes. M.Sc. 
 Thesis. University of Lagos: 56pp. 
    
Udofia, U., 1989. Studies on the effect of body weight on 
 the rate of metabolism in Tilapia Niloticus (L). B. 
 Sc. Thesis. University of Calabar, 48pp. 
   302                          UDEME U. UDOFIA 
 
 
 
